Date Palm Wastes as Growth Substrate in Hydroponics to Grow Lettuce (Lactuca Sativa L.) by Al Marzooqi, Khawla Mohammed
United Arab Emirates University 
Scholarworks@UAEU 
Aridland Agriculture Theses Aridland Agriculture 
4-2020 
Date Palm Wastes as Growth Substrate in Hydroponics to Grow 
Lettuce (Lactuca Sativa L.) 
Khawla Mohammed Al Marzooqi 
Follow this and additional works at: https://scholarworks.uaeu.ac.ae/aridland_theses 
 Part of the Agricultural Science Commons, and the Horticulture Commons 
Recommended Citation 
Al Marzooqi, Khawla Mohammed, "Date Palm Wastes as Growth Substrate in Hydroponics to Grow 
Lettuce (Lactuca Sativa L.)" (2020). Aridland Agriculture Theses. 4. 
https://scholarworks.uaeu.ac.ae/aridland_theses/4 
This Thesis is brought to you for free and open access by the Aridland Agriculture at Scholarworks@UAEU. It has 
been accepted for inclusion in Aridland Agriculture Theses by an authorized administrator of Scholarworks@UAEU. 
For more information, please contact fadl.musa@uaeu.ac.ae. 
      Title 
United Arab Emirates University 
College of Food and Agriculture 
Department of Integrative Agriculture 
DATE PALM WASTES AS GROWTH SUBSTRATE IN 
HYDROPONICS TO GROW LETTUCE (LACTUCA SATIVA L.) 
Khawla Mohammed Al Marzooqi 
This thesis is submitted in partial fulfilment of the requirements for the degree of 
Master of Science in Horticulture 
Under the Supervision of Dr. Shyam S. Kurup 
April 2020 
ii 
Declaration of Original Work 
I, Khawla Mohammed Al Marzooqi, the undersigned, a graduate student at the 
United Arab Emirates University (UAEU), and the author of this thesis entitled 
“Date Palm Wastes as Growth Substrate in Hydroponics to Grow Lettuce (Lactuca 
Sativa L.)”, hereby, solemnly declare that this thesis is an original research work 
that has been done and prepared by me under the supervision of Dr. Shyam S. 
Kurup in the College of Food and Agriculture at UAEU. This work has not 
previously been presented or published or formed the basis for the award of any 
academic degree, diploma or a similar title at this or any other university. Any 
materials borrowed from other sources (whether published or unpublished) and 
relied upon or included in my thesis have been properly cited and acknowledged 
in accordance with appropriate academic conventions. I further declare that there is 
no potential conflict of interest with respect to the research, data collection, 
authorship, presentation and/or publication of this thesis. 














Copyright © 2020 Khawla Mohammed Al Marzooqi 














1) Advisor: Shyam S. Kurup 
Title: Associate Professor 
Department of Integrative Agriculture 
College of Food and Agriculture 
 
2) Co-advisor: Moustafa Amin Fadel 
Title: Associate Professor  
Department of Integrative Agriculture 









Approval of the Master Thesis 
 
This Master Thesis is approved by the following Examining Committee Members: 
1) Advisor (Committee Chair): Shyam S. Kurup 
Title: Associate Professor 
Department of Integrative Agriculture 
College of Food and Agriculture 
            Signature          Date    13 May 2020  
2) Member: Mohammed Salem Al Yafei 
Title: Associate Professor 
Department of Integrative Agriculture 
College of Food and Agriculture 
            Signature                                                                    Date  15 May 2020  
3)   Member (External Examiner): Fernando José Cebola Lidon 
Title: Professor 
Department of GeoBioTec 
Institution: Universidade Nova de Lisboa, Portugal  








This Master Thesis is accepted by: 
 
Dean of the College of Food and Agriculture: Professor Bhanu Chowdhary 
 
Signature          Date      
 
 
Dean of the College of Graduate Studies: Professor Ali Al-Marzouqi 
 






















Recently, many countries are practicing a variety of modern farming techniques like 
hydroponics, aquaponics, aeroponics vertical farming etc., to enhance production 
and quality of the production. Among such techniques, hydroponic system of 
production is growing plants in an appropriate substrate, which provides both 
physical and nutrient support with a suitable root environment. Substrate media can 
be either inorganic or organic. In this study, date palm leaf waste has been used, rock 
wool slab and cocopeat slab. The main objective of this study is to investigate the 
feasibility of using palm leaf wastes as a growing substrate extensively in the 
hydroponics system and its impact on germination and growth characteristics with 
lettuce as a test crops. This experiment was performed in a greenhouse condition in 
Alfoah farm at about 26.5°C. The experiment was conducted with 4 treatments and 
20 replications. Treatments included two particle sizes, 50 mesh (0.0117) inch and 
20 mesh (0.0469) inch mixture of a date palm waste between the two sizes with 
different ratios (1:1), (1:2), rockwool and cocopeat. The water holding capacity, 
acidity or alkalinity (pH), salinity (EC), and C/N ratio of the substrate was measured 
and compared with other substrates to assess the quality. The germination, plant 
growth, and the root system were studied. The results gathered from the study 
propose to recycle the date palm leaf waste as a new substrate in the hydroponics 
production system. Results showed that date palm leaf waste as a substrate in a 
hydroponic system can successfully enhance the growth and production of the 
lettuce crops and is comparable to any other substrate currently used in a 
hydroponic system commercially. This system adds more value by successfully 
utilizing the enormous waste generated from the cultivation of date palm in this 
country and will make hydroponic culture more sustainable and ecofriendly.  
 






Title and Abstract (in Arabic) 
 
 تخدام مخلفات النخيل كوسط زراعي في الزراعة المائية لزراعة الخس اس
 الملخص   
الوقت الحالي التقنيات الحديثة واألنظمة المستحدثة في القطاع تستخدم الكثير من الدول في 
الزراعي، كالزراعة المائية. وفي الزراعة المائية يتم استخدام أوساط بديلة عن التربة لتوفير بيئة 
لنبات وبيئة مناسبة للنمو الجذور، الوسط البديل قد يكون عضوي أو غير عضوي. في داعمة ل
مخلفات النخيل كوسط زراعي جديد ومستدام في الزراعة المائية، الهدف  هذه الدراسة تم استخدام
األساسي من هذه الدراسة هو البحث في إمكانية استخدام مخلفات النخيل كوسط زراعي صالح 
وذلك بقياس نسبة اإلنبات ومقارنته باألوساط األخرى المستخدمة كنشارة جوز الهند  لنمو النباتات
م قياس مدى فاعلية استخدام مخلفات النخيل كوسط بديل في نظام والصوف الصخري، ومن ث
مقارنة مع األوساط أخرى كنشارة جوز الهند  ٬الزراعة المائية عن طريق قياس نمو النبات
هذه الدراسة في مختبرات قسم الزراعة المتكاملة في جامعة  والصوف الصخري. أجريت
لمية التابعة لجامعة اإلمارات العربية المتحدة اإلمارات العربية المتحدة ثم في المزرعة الع
)الفوعة( حيث تم استنبات بذور الخس ومن ثم زراعة محصول الخس في األوساط الثالثة نشارة 
النخيل )مخلفات أوراق النخيل( وتم استخدام حجمين من  جوز الهند، الصوف الصخري ومخلفات
مقياس الشبكة  ٢٠انش والحجم الثاني  (0.0117) الشبكة مقياس  ٥٠الحجم األول  مخلفات النخيل
انش. نتائج هذا البحث تثبت على إمكانية استخدام مخلفات النخيل كوسط بديل للتربة في  (0.0469)
البديلة المستخدمة حاليا، وبتطبيق رق ملحوظ مقارنة باألوساط الزراعة المائية حيث ال يوجد فا 
كبديل للتربة وغير مستخدم من قبل كمادة خاملة بدون تخمير،  جديدهذه الدراسة سيكون لدينا وسط 
ألبحاث جديدة حول استخدام مخلفات النخيل  ويمكن استخدامه في الزراعة المائية ويفتح المجال
إنه وسط عضوي مستدام ذو تكلفة بسيطة من بيئة اإلمارات وهو  في استخدامات أخرى، خاصة
 ة.نوع من إدارة المخلفات الزراعي
مخلفات النخيل، الزراعة المائية، أوساط بديلة للتربة، الصوف  مفاهيم البحث الرئيسية:
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Chapter 1: Introduction 
 
1.1 Overview 
In recent years, a wide range of soilless culture techniques have been developed and 
commercially introduced for intensive production of horticultural crops, particularly 
in greenhouses. Reasons for replacing soils as growing media arise from plant 
protection problems with soil-borne pathogens and environmental regulations against 
groundwater pollution with nitrate and pesticides. The use of soil in protected 
agriculture is facing many limitations in many countries. Therefore, utilizing substrate-
based agriculture is a logical alternative to the current soil-based production approach. 
The use of different organic and inorganic substrates allows the plants for the best 
nutrient uptake and sufficient growth and development, to optimize water and oxygen 
holding (Verdonck and Gabriels, 1992). 
In hydroponic systems plants are grown in a variety of different media and the essential 
elements for plants are supplied in the nutrient solution. This allows greater control of 
nutrient supply and plant growth. Hydroponics also allows the root environment to be 
modified to improve one or more aspects of plant production. Hydroponic systems are 
frequently incorporated into greenhouse environments. This further improves plant 
production by giving increased control over plants environment, protection from pests, 
disease and adverse climatic conditions. Many hydroponic systems also allow runoff 
water to be recycled, greatly increasing the efficiency of water use. 
There are essentially two types of growth systems: (1) plants grown in a substrate 
which provides both physical support and root environment required for plant growth, 
(2) plants are grown in water with no supporting medium for the roots. The functions 





of growth medium are to provide the roots with oxygen bring the water and dissolved 
nutrients in contact with roots via irrigation system through the media, allowed to 
recirculate the solution through the system and to steady the plants as supportive 
mediators so that they do not fall over (Elkazzaz, 2017). 
The advantages of using substrate over soil include good water holding capacity, low 
soluble salt level and a suitable pH range of 5.5-6.5. The substrate can also provide 
sterile media, which are microorganisms free and other contaminants. It is also 
resistant to chemical and heat treatment, which is an advantage for UAE weather 
conditions and ease of handling. Substrate media can be either inorganic like perlite, 
vermiculite and rockwool or organic like peat moss and cocopeat. The problem in 
using inorganic substrate like rockwool is that it is not environment friendly and is 
non-degradable by the environment. rockwool will turn into a hybrid material that will 
remain in that form forever (IARC, 2012). When used rockwool thrown away, it’s 
going to remain in a landfill site for a long time. Hydroponic growing culture is more 
sustainable than the traditional growing culture and it makes a more sustainable and 
eco-friendlier, organic substrate like cocopeat has been used in many hydroponic 
projects in Abu Dhabi. The problem is again the availability of cocopeats, which are 
not locally produced. The imports are not cost-efficient thus affecting production cost. 
Therefore, it is visualized that exploiting our local resources for making a substrate 
would be of great advantage. In this context, using date palm leaf waste is of great 
advantage. According to the Statistical Yearbook of Abu Dhabi, 98% of date palms 
are grown in Abu Dhabi in 2012. UAE alone generates more than 500,000 tons of palm 
waste every year. It will be of great advantage if the waste recycled used as a growing 
substrate in a hydroponic system. 





1.2 Objectives  
• To investigate the feasibility of using date palm leaf waste as a growing 
substrate compared with other commonly used substrates. 
• The impact of using date palm leaf waste as a growing substrate on growth 
characteristics, quality and yield of lettuce crops compared with cocopeat and 
rockwool.   
1.3 Hypothesis 









Chapter 2: Review of Literature 
 
2.1 Date palm waste 
The date palm (Phoenix dactylifera L) is one of the important sustainable crops in the 
plantations of Abu Dhabi. UAE is the seventh major date producing country in the 
world, with 6% of the world's total date production. Date palm accounts for 15% of 
the total area of crop cultivation in UAE (FAO, 2015). Based on published statistics, 
more than 180,000 hectares of the country’s lands are under the cultivation of date 
palm, and many provinces of the country, especially southern provinces, grow it 
(Ghehsareh et al., 2011). Date palms extensively grown in different parts of the world 
and produce a lot of waste annually (Barreveld, 1993). The date palm is considered a 
renewable natural resource because it can be replaced in a relatively short period of 
time or used through conservation efforts without depletion. For example, Saudi 
Arabia has about 23 million palm trees and it is the second-largest producer of dates. 
The biomass from the trimmed branches of palm trees amounts to more than 200,000 
tons/year (Hussain et al., 2014). This biomass waste can be used to produce many 
commercial products. The researchers found that the increasing quantity of organic 
solid waste of date palm waste has become a concern nowadays, because of the impact 
on the environment, and unless other ways it is not reused efficiently.  
The date-palm cultivation and industry have been considered important in day-to-day 
life. Worldwide, there are approximately 105 million palm trees, an estimated number 
of over 3,675,000 tons of residues are discarded annually (Almi et al., 2015) leading 
to environmental problems (Ghehsareh, 2013). Date palm tree waste includes leaves, 
branches, stem barks and fronds. They are obtained by seasonal pruning of palm trees 





which is an essentially agricultural practice and discarded with no valorization. 
Therefore, from the economic and environmental considerations, the utilization of 
fronds from the date-palm wastes is a promising project (Almi et al., 2015). Wastes of 
date-palm trees seem to be an innovative material in the horticulture industry, to be 
used as growing media (Ghehsareh, 2013). The performance of palm-date wastes peat 
for plant growth may be leveraged in the production of potted plants but only a few 
studies have used date palm wastes as a substitute for peat in potting substrates (Dhen 
et al., 2018). 
2.2 Soilless culture 
In recent years, some problems in soil culture (such as salinity and unsuitable soil 
characteristics) and limitation of water resources in many countries, caused to expand 
soilless culture. Soilless culture is an artificial means of providing plants with support 
and a reservoir for nutrients and water (Borji et al., 2011). Reasons for replacing soils 
as growing media arise from plant protection problems with soil-borne pathogens and 
environmental regulations against groundwater pollution with nitrate and pesticides 
(Ghehsareh et al., 2011). Soilless culture uses either inert organic or inorganic 
substrate through nutrient solution nourishment. Possibly it is the most intensive 
culture system utilizing all the resources efficiently for maximizing the yield of crops 
and the most intense form of agricultural enterprises for commercial production of 
greenhouse vegetables (Asaduzzaman et al., 2015). 
Recently hydroponic technique is becoming popular because this is a clean and 
relatively easy method and there is no chance of soil-borne disease, insect or pest 
infection to the crops thereby reducing or eliminating the use of pesticides and their 
resulting toxicity (Sharma et al., 2018). There are various techniques of soilless 





agriculture recently being used like hydroponics, aquaponics, aeroponics as well as 
agriculture using supportive mediators. Hydroponics is simply the growing of plants 
without soil. In hydroponics, plants grown in an inert medium such as rocks or 
cocopeat fiber, and they constitute a perfect mix of primary, secondary and 
micronutrients. Almost any kind of plant can be grown hydroponically, including 
veggies, herbs, fruits, and flowers. Hydroponics is widely used by farmers and growers 
(Elkazzaz, 2017). The function of the soilless cultivation method is stimulating plant 
growth while controlling the amount of water, and nutrients. The roots will absorb 
food and oxygen rapidly. If the oxygen content is insufficient, plant growth will be 
slow. The hydroponic grower’s task is to balance the combination of water and 
nutrients with the plant's needs, to maximize yield and quality. For the best results, a 
few important parameters need to be considered: temperature, humidity and CO2 
levels, light intensity, ventilation, pH and the plant’s genetic make-up (Elkazzaz, 
2017). 
2.3 Lettuce growing in hydroponics  
Hydroponics is a technique of growing plants in nutrient solutions with or without the 
use of an inert medium such as cocopeat, rockwool, peat moss, etc., to provide physical 
support. The term "hydroponics" was derived from the Greek words ‘hydro’ means 
water and ‘ponos’ means labor and literally means water work (Sharma et al., 2018). 
During 1960s and 1970s, commercial hydroponics farms were developed in Arizona, 
Abu Dhabi, Belgium, California, Denmark, German, Holland, Iran, Italy, Japan, 
Russian Federation and other countries. Most hydroponic systems operate 
automatically to control the amount of water, nutrients and photoperiod based on the 
requirements of different plants (Resh, 2013). Quality of produce, taste and nutrition 





value of end products are generally higher than the natural soil-based cultivation. 
Various experimental findings outline that leafy greens (lettuce, spinach, parsley, and 
celery etc.) can be successfully and easily grown in hydroponic systems. Lettuce and 
spinach are most promising species to grow in integrated hydroponics and aquaculture 
systems because of its higher growth and nutrient uptake capacity (Sharma et al., 
2018). Touliatos et al. (2016) did some research on vertical farming, increasing lettuce 
yield per unit area compared to conventional horizontal hydroponic. The life cycle of 
hydroponic lettuce is very short compared to traditionally grown lettuce. Hydroponic 
lettuce can be harvest after 35 to 40 days of production. Lettuce can be successfully 
grown in nutrient film technique (NFT) system and more than 8 crops per year can be 
grown efficiently in this system. Horizontal and vertical hydroponic system was also 
evaluated with different nutrient solutions for yield optimization of lettuce. Plant 
nutrients used in hydroponics are dissolve in water and are mostly in inorganic and 
ionic forms. All 17 elements essential for plant growth were supplied using different 
chemical combinations. Hoagland’s solution was used as most common nutrient 
solutions for hydroponic systems (Sharma et al., 2018). Ideal EC range for 
hydroponics for most of the crops is between 1.5 and 2.5 dS m-1. Higher EC will 
prevent nutrient absorption due to osmotic pressure and lower levels severely affect 
plant health and yield. So, appropriate management of EC in hydroponics technique 
can give effective tool for improving vegetable yield and quality (Gruda, 2009). The 
application of nutrient solution at a flow rate of 1.5 L min-1, as well as 100% of the 
ionic concentration is effective to increase the fresh weight of the aerial part of 
cultivars (Genuncio et al., 2012) the salinity of the growing media. 





2.4 Growing media  
The growing media plays a vital role in the growth and development of any plant 
species and acts as one of the growths influencing factors i.e., edaphic factor that acts 
as a precursor for initial stages of plant life. The supply of plant water and air to the 
growing plants can be greatly influence by the physical composition of growing media 
(Beardsell and Nichols, 1982). The growing medium is the substitute for the soil in 
soilless culture systems. In this system, a solid medium provides support for the plants. 
The functions of growth medium are to provide the roots with oxygen make the water 
and dissolved nutrients in contact with roots via irrigation system through the media, 
allowed to run to waste to recirculate the solution through the system and to steady the 
plants as supportive mediators so that they do not fall over. various substrates are used 
as growth medium which consists of inorganic (natural, expanded clay, glass wool, 
gravel, perlite, pumice, rockwool, sand, vermiculite, volcanic tuff and zeolite or 
synthetic; foam mats, hydrogel and plastic foam) or organic (bark, coconut coir, coco 
soil, fleece, marc, peat, ruffian bark, rice husk, sawdust and wood chips) (Elkazzaz, 
2017). 
Rockwool is one of the most common growing media used in hydroponics. Rockwool 
is a sterile, porous, non-degradable medium that is composed primarily of granite and 
limestone which is super-heated and melted, then spun into small threads like cotton 
candy. The rockwool is then formed into blocks, sheets, cubes, slabs, or flocking. 
Rockwool sucks up water easily and becomes saturated, or it could suffocate the plants 
roots, as well as lead to stem rot and root rot. Rockwool should be pH balanced before 
use. It is accomplished by soaking it in pH balanced water before use. 





"Cocopeat" (Coconut fiber) is from the outer husk of coconuts, which was once 
consider a waste product is one of the best growing mediums available. Although 
cocopeat is organic plant material, it breaks down and decomposes very slowly, so it 
will not provide any nutrients to the plants growing in it, making it perfect for 
hydroponics. Cocopeat/coco coir is also pH neutral, holds moisture very well, yet still 
allows for good aeration for the roots.  
Coco fiber comes in two forms, coco coir (fiber), and coco chips. Both these materials 
are made of coconut husks; the only difference is the particle size. The coco fiber 
particle sizes are the same as potting soil, while the coco chips particle size is more 
like small wood chips. The larger size of the coco chips allows for bigger air pockets 
between particles, thus allowing even better aeration for the roots. In addition, if 
baskets were using to grow plants in, the chips are too big to fall through the gaps in 
the baskets. Both the fiber and chips come in compressed bricks, and once soaked in 
water it expands to about 6 times the original size. Coco fiber does tend to color the 
water, but that diminishes over time. Moreover, most of the color will be leached out 
if it has soaked in warm/hot water a few times before use (Bhattacharya, 2017). In 
recent years, cocopeat a waste product of the coconut industry has been adopted as a 
renewable peat substitute (Radhouani et al., 2015). Cocopeat has sufficient physical 
properties like peat. It provides plant roots high water content, high total pore space; 
it has low bulk density, low shrinkage, and slow biodegradation (Meena et al., 2017). 
In contrast to peat, cocopeat characterized as a high rewetting capacity (Blok and 
Wever, 2008). Cocopeats obtained from coconut tree and its industry is geographically 
limited to America, tropical Africa, and Asia (Barrett et al., 2016). A huge amount of 
money spent every year to import cocopeat from other countries (Shirani, 2013). On 





the other hand, date palm, which belongs to the same family as coconut, presents high 
similarity with fiber. Therefore, selecting the best substrate between the various 
materials is imperative to plant productivity. The difficulty and cost of controlling soil 
born pests and diseases, soil salinity, lack of fertile soil, water shortage, lack of space, 
etc. have led to the development of substrates for soilless cultivation (Olympious, 
1992). 
2.5 Chemical Properties of the growing media  
It is important to know the chemical properties of the growing media and how it will 
affect the water and mineral taken by plants. Plants raised in growing media must be 
able to assimilate the same range of nutrients as those raised in soil. For this purpose, 
the pH of media for most plants other than calcifuges needs to be in the range 5.5 to 
6.5, some 0.5 to 1 unit lower than for mineral soils (Lucas and Davis, 1961). Some 
organic growing media need to be composted before the cultivation and composted 
materials derived from green wastes, municipal solid wastes, and sewage sludge often 
has pH values well over above the range deemed optimal for growing media, with 
many instances of pH values of 7, 8, and even 9 being recorded (Surrage and Carlile, 
2008). Such composted materials were always use in mixtures with, for example, peat 
and bark, and in these combinations, reduction or even elimination of lime is possible 
(Warren et al., 2009). Coming to cation exchange capacity (CEC) one of main 
chemical properties of the growing media, Although the CEC of growing media 
constituents is frequently reported on a weight basis, because plants grow in a limited 
volume of media, usually of low bulk density, it is more appropriate (as with nutrient 
concentrations) to express CEC on a volume basis. If the bulk density of materials 
known, then conversion from centimes of charge per kilogram (meq [100 g] −1) to mill 





equivalents per liter is straightforward (Handreck and Black, 2010). The CEC of peat 
has been recorded at 150 to 250 cmolc kg−1, the higher values associated with 
decomposed H4 to H6 peats (Puustjarvi and Robertson, 1975). These values 
approximate to 150 to 250 meq L−1 (Landis, 1990) and endow many peats, particularly 
H4 to H6, with good buffering capacity, being resistant to pH changes brought about 
by alkaline water supplies (Maher et al., 2008). The salinity and EC of the growing 
media, increases in substrate salinity may arise not only from the fertilizers added to 
growing media and salts present in irrigation water as soluble salts or slow-release 
compounds (Zaccheo et al., 2014) but also from salts present in irrigation water. On 
other hand, low salinity values are associated with wood fiber (Lemaire et al., 2003) 
and most barks, with recommendations of <0.5 dS m−1 for composted bark destined 
for use in growing media (Yeager et al., 2007), but the salinity of composted materials 
is a frequent barrier to their use in growing media. Many have EC values in excess of 
1 dS m−1 restricting their use in growing media to 20 to 40% (v/v) of the physical 
components (Spiers and Fietje, 2000). 
 
 





Chapter 3: Materials and Methods 
 
3.1 Experimental site 
The experiment was conducted at United Arab Emirates University (Horticulture 
laboratory) and in the Greenhouse of Al Foah, College of Food and Agriculture. It lies 
in the coordinate latitude and longitude of 24.2191°N and 55.7146°E. 
3.2 Experimental set-up and growth conditions 
Phase1: On 1-10-2018 in Al Foah farm the leaves of date palm wastes were ground 
using a grinding machine into smaller sizes, and chopped wastes were separated in two 
particle sizes (Figure 1). The samples were taken from each size along 50 mesh 
(0.0117) inch and 20 mesh (0.0469) inch. The mixture of date palm wastes between 
the two sizes, with different ratio (1:1), (1:2), along with two samples from 
commercially used in the hydroponic system, rockwool slab, and cocopeat slab. At the 
horticulture laboratory, the studies on chemical properties were conducted (water 






Figure 1: Grinding process for leaves part of date palm and the two-selected size 
 





3.3 Germination media preparation 
Phase 2: In the greenhouse at Al Foah farm at 26.5°C, lettuce seeds (Lactuca sativa 
crispa. “Lollo Bionda”), were sown in the moisturized growth medium, the date palm 
waste has been mixed from each of the two-particle sizes with adjusted water  pH at 
5.5 (using pH and EC meter) until it became moisturized. The treatments included 
three-particle mixture of date palm waste between the two sizes, size 1 with 50 mesh 
(0.0117) inch and size 2 with 20 mesh (0.0469) inch with different ratio (1:1), (1:2) 
and (1:3), then all mixtures were placed on the seeds pots size (9*5) (without any 
treatment). The seeds were sown into each hole and covered it with a thin layer 
(making sure that it does not contain compact material). Seeds in cocopeat and 
rockwool growing media is shown below (Figure 2). 
Figure 2: Seeding process using different growing mediums  
 
After one day of sowing, the irrigation of the seedling was started with manually 
adjusted water with pH 5.5. After one week the irrigation of the seeds has been started 
with manually adjusted water pH 5.5 and EC 1.00 mS/cm. Phosphoric acid 85% was 
used to adjust water pH, and the hydroponic nutrient solution was used to adjust water 
EC. Then the observation on germination and germination rate was started. 





Phase 3: Two of the best germination rate from date palm wastes which, are the ratio 
of both mixture sizes (1:2) were labeled as size 1, and size 2 with 20 mesh (0.0469) 
inch which was labeled as size 2, then the sterilization process for the grind mixtures 
was carried out using autoclaving machine under 120oC temperature, to eliminate all 










Figure 3: Sterilization using autoclaves 
 
After the sterilization, a bag with the selected mixture of date palm waste in a slab 
form was made to suit the hydroponic system in the farm (Figure 4), each bag was of 
3 kg size, which was used in the hydroponic system. A “closed” hydroponic system 
was used which allows water and nutrient reuse, in which the water was pumped 
through a pump which was attached at a single point to the three tanks. Hydroponic 
nutrient solution (Table 1) was mixed in water, which was then passed on to the 
growing area. The water passes through the media which was absorbed by plants. Any 
extra water was then drained out. The irrigation water then passes through a special 
water filter which results in the refining of the irrigation water which is ready to be 





used again. To maintain enough supply of nutrients to the lettuce plant, frequent testing 
of the nutrient was carried out.  
Table 1: Composition for hydroponic solution for lettuce crop 
(Source: Hamuda, 2018) 
 
3.4 System layout 
The seedlings were planted in 4 rows; each row (8 m × 1.5 m × 28 cm) and the distance 
between each row was 80 cm. Each level accommodated 5 of every selected growing 
media, row 1 (date palm waste size 1), row 2 (date palm waste size 2), row 3 
(rockwool), row 4 (cocopeat), each slab included 4 seedling replicates (4 plants per 
replicate, 5 replicates per treatment) thus, a total of 80 seedlings. It must be noted that 
the hydroponic system was already established at the greenhouse before the plantation. 
The water was given to the plants eight times, at an interval of two hours. The duration 
of watering the plants was five minutes each time and observation of the growth 
parameters was started. Statistical analysis of the data was based on Analysis of 
Variance (ANOVA) for Randomized Complete Block Design (RCBD). 
Nutrient Concentration 
(Mm) Salts Elements  




5.0 KNO3 K, N 
2.0 MgSO4 Mg, S 
0.1 KH2PO4 P, K 
0.0 Na2SiO3 Si 
(𝜇𝑀)    
12.5 H3BO3 B 
Micro 
2.0 MnCL2 Mn 
3.0 ZnSO4 Zn 
0.5 CuSO4 Cu 
0.1 Na2MoO3 Mo 
0.0 NiSO4 Ni 
0.0 KCl Cl 








   Figure 4: Preparation of the growing system






After four weeks of transplanting the seedlings, the lettuce was harvested and collected 
data throughout the growing period. The samples from all four-growing media were 
drawn randomly (date palm-size 1, date palm-size 2, rockwool, and cocopeat), water 
content, pH, EC temperature, and the salinity (ppt) in growing media before and after 
growth has been measured. Crop growth analysis has also been done by measuring the 
number of leaves, width, and length (cm), total fresh and dry weight, leaf area, total 
chlorophyll and carotene content in the crop has been measured.  
3.5 Data Collection 
The data has been collected either from the substrates raw material before growing, to 
measure the chemical properties or direct from the experiment field after growing, to 
measure the germination and the growth rate of the crops.  
3.5.1 Measurement of substrates salinity (EC and pH in growing  
          substrates extracts 
pH is the first and probably most important chemical property to discuss potting mixes 
because the pH of the substrate affects nutrient availability and can influence mineral 
deficiencies and toxicities. pH is measured as the inverse logarithm of the hydrogen 
ion concentration (abbreviated as [H+]).  
The pH can range from 0 ([H+] =1 M) to 14 ([H+] =1 x 10-14 M), and pH 7 is considered 
neutral and has a [H+] =1 x 10-7 M. Note that M is the abbreviation for moles per liter 
(mol•liter-1). Electrical conductivity is the second important property that should be 
considered during preparing the potting mix. EC is an indirect measurement of the 
salts in a medium. The unit of measure for EC is dS m-1 which is equivalent to mS•cm-
1 which is equivalent to mmhos•cm-1 (Robert, 2013). To measure the salinity and 





acidity,100 g of each substrate was weighed and added to a 250 ml plastic bottle and 
100 ml of distilled water was added and kept in the shaker for 30 minutes for shaking 
and then the suspension was filtered using filter paper. The filtrate was then collected 
and measured the salinity (EC) and acidity (pH). These tests were carried out on all the 











Figure 5: Growing substrates in the shaker to measure the pH and EC 
 
3.5.2 Water holding capacity of growing mediums 
Purpose: This experiment demonstrates the ability of soil or compost to retain moisture 
against gravity.  
Description: Water retained against gravity in the pores (capillaries), between growing 
medium particles and aggregates as well as in thin films surrounding the particles. This 
water is available to the plants. The growing medium texture, structure, and the content 
of organic matter determine a substrate's ability to retain moisture. The water holding 
capacity of a substrate gives general information on how much water could detained by a 
growing medium against gravity, the substrate water holding capacity does not reflect the 





amount of water, which is available to the plants. This value provided by the substrates 
water retention characteristics. The water holding capacity was measured using the funnel 
method (Figure 6) Water holding capacity % (mL/100 cm³) = (mL water retained/100 



























3.5.3 Measurement of element concentration in the substrates before cultivation 
Plants absorb many elements through their roots. More than 50 elements have been 
found in various plants. The essential nutrients required by green plants are exclusively 
inorganic, and an essential element may be defined as one that is required for the 
normal life cycle of a plant and whose role cannot be assumed by another element. 
Twenty elements are thought to be essential to the growth of most plants, and they are 
usually classified as macronutrients and micronutrients. The former is those which are 
required in relatively large amounts: carbon, hydrogen, oxygen, nitrogen, phosphorus, 
calcium, sulfur, potassium, and magnesium. The micronutrients are those required in 
small amounts, such as chlorine, iron, manganese, boron, zinc, copper, molybdenum, 
sodium, and selenium (Marschner, 1995). To measure the element concentration in 
moisture growing substrate samples, The ICP-OES method was used, which is an 
inductively coupled plasma is generated by supplying a lot of energy via electric 
currents produced by electromagnetic induction. The elemental concentration of the 4 
tested growing media has been measured before growing plants and at post-harvest. 
3.5.4 C/N ratio  
The immature compost has a high C/N ratio that can cause a deficiency of N in plants. 
The falling value of the C/N ratio is a sign of fermentation and the performance of the 
composting process during the maintenance period. Microorganisms supply their 
primary energy from C content of compost, while the N content of compost is used by 
microorganisms to develop their colonies for breaking down the organic matter. 
Microorganisms use a C/N of 30/1. If this ratio increases up to 30, the rate of compost 
breakdown will decrease. This ratio decreases in the composting process for a long 






NH4+ when it decreases below 25 (Barrington et al., 2002). The C/N ratio was 
measured in the organic growing mediums only, which is cocopeat and date palm 
waste, using CH-NS analyzer machine and dumas combustion technique, which is a 
method for the quantitative determination of nitrogen in chemical substances. 
3.5.5 The germination rate 
After the seeding irrigation was commenced manually with adjusted water pH 5.5, and 
EC 1.00 MS/cm. Phosphoric acid 85% used to adjust water pH, and the hydroponic 
nutrient solution to adjust Ec. After 3 weeks, the germination data was gathered and 
found that the germination was quite good in all the substrate mixture of palm waste 


















3.5.6 Growth parameters 
Three plants were randomly taken from each treatment and was regarded as a 
replication for biometric and biochemical measurements. Among which, plant 
height/width, number of leaves were measured once every 7 days while other indices 
were measured at harvest (Figure 21). The fresh weight (FW), leaf area as well as the 
contents of total chlorophyll, chlorophyll a, chlorophyll b, carotenoid, were all 
determined using fresh lettuce samples. The dry weight (DW) was determined using 
the oven-dried lettuce samples (70°C for 3 days). 
3.5.7 Leaf Area measurement 
The leaf area (cm2) of lettuce plant was measured by Area Meter (Model CI-202) at 
harvest. The measurements on the leaves of living plants have been done by placing 
the leaf on the palette and sliding the scanner over the leaf, enabling the collection of 
data from the same leaf.  
3.5.8 Determination of chlorophyll and carotenoid pigments 
A total of 0.5 g fresh mature leaves of lettuce was ground in a mortar, and then the 
ground was washed using 85% acetone and subsequently filtered (repeated until the 
leaf turned white). The filtrates were diluted to a total volume of 50 mL with distilled 
water. The absorbance of the extraction at 440 nm, 645 nm, and 663 nm was 
respectively measured by a model Helios Alpha 100-240 v spectrophotometer. 
Concentrations of the chlorophyll and carotenoid were determined using the following 
equations (Lichtenthaler and Wellburn, 1983): 
Chl a (mg/g) = (12.7×OD663−2.59×OD645) V/W 






Total Chl (mg/g) = (20.2× (OD645) + 8.02(OD663)) ×Chl.a−104×Chl.b) V/W Car 
(mg/g) = ((OD440−3. 27×Chl.a−104×Chl.b)/229) V/W  
where, OD is optical density at certain wavelength (645 nm or 663 nm or 440 nm), V 
is the total volume of acetone extract (50 mL) and W is the fresh weight (500 g) of the 
sample. 
3.6 Statistical Analysis 
The results were presented as mean values and standard error. Data were tested using 
statistical analysis of the results was based on ANOVA for excel 10 (version 1702), 
control data with subsampling, where row considered as blocks, means for significant 








Chapter 4: Results 
 
The lettuce was grown using different growing substrates in the hydroponic system. 
Different parameters of lettuce growth like fresh weight, dry weight, leaf area, plant 
length, plant width, leaves number, different pigment values like total Chlorophyll, 
Chlorophyll a, Chlorophyll b and Carotene, were analyzed. 
4.1 Measurement of substrates salinity (EC) and acidity (pH) in  
      growing mediums extracts 
There is a significant difference between the growing medium in pH and EC amount. 
(Figure 8 and Figure 9). The result shows that the rockwool is much more alkaline than 
other media and has the highest pH by 7.84 which is above the optimum range while 
the cocopeat and palm waste size 1 has a low pH compared to palm waste size 2 which 
has optimum pH for growing plant. EC on other hand showed that the rockwool has 
the minimum EC which is acceptable, rockwool being an inert medium, while 
cocopeat and palm waste size 1 has very high EC above 5 mS/cm, which can reduce 
growth, stunting, wilting and marginal leaf burn. Palm waste size 2 has the EC 1.41 






























             

























































4.2 Water holding capacity 
The water holding capacity is a potential parameter to optimize crop production. Water 
holding capacity is the amount of water that a given growing medium can hold for 
crop use. Rockwool has the maximum water holding capacity followed by cocopeat, 
while date-palm waste size 2 has a water holding capacity of 4.67 ml/100 cm3, and 
date palm waste size 1 has the lowest water holding capacity, noting that the testing 
was for two-particle sizes separately and there will be some mixture between the date 











































4.3 Measurement of element concentrations in the substrates before  
      growing (mg/L) 
The elemental analysis (Table 2) showed that cocopeat has the highest amount of K 
689.4 mg/L and Na 298.1 mg/L, and also Mg 58.5 mg/L and P 22.6 mg/L. Rockwool 
has SO4 113.3 mg/L as the highest element concentration, Na 36.09 mg/L, Ca 12.07 
mg/L. The date palm waste has the highest Ca 118.8 mg/L, K 101.7 mg/L, Mg 78.38 
mg/L, Na 45.2 mg/L, and SO4 133.2 mg/L. Moreover, there is no statistically 
significant difference between the four substrate mediums in elements concentration 
as determined by one-way-ANOVA with a p-value greater than 0.05. 









4.4 C/N ratio of the growing substrates  
C/N ratio has been measured only in the organic growing medium, which is cocopeat 
and date palm waste using, CH-NS analyzer machine and dumas combustion 
technique, which is the method for the quantitative determination of nitrogen in 
chemical substances. Cocopeat has a higher C/N ratio of 64.5% compared to date palm 
waste 38.9% (Figure 11). 
Treatme
nt 
Cocopeat  Rockwool Date palm 
waste 
B 0.736 0.089 0.554 
Ca  15.649  12.072 118.838 
K 689.4 2.799 101.737 
Mg 58.486 2.714 78.387 
Na 298.113 36.097 45.182 
P 22.609 0.022 7.832 
Cu 0.054 0.037 0.065 
Fe 0.51 0.088 0.719 
Mn 0.337 0.019 0.203 
Zn 0.197 0.029 0.232 


















































4.5 The germination rate of the growing substrate 
The germination rate of the growing substrate, throughout the seedling period (Figure 
12), the rockwool germinated much faster than the other media, while the date palm 
waste has late germination, and this probably because of the porosity level and water 
holding capacity of each media and according to ANOVA results, there is no 
significant difference among the growing of lettuce in a different growing substrate 

















































4.6 Growth rate 
The average growth of plant length and plant width (Figure 13), the highest length and 
width was in lettuce plants that were grown in rockwool by 17.86 cm width and 19.34 
cm length, followed by cocopeat by 17.1 cm width and 15.4 cm length while the 
shortest length was on date palm (size 2) by 14.7 cm. According to ANOVA results, 
there is no significant difference among the growth of lettuce in different growing 













 Figure 13: The average growth rate of the crop in four different growing mediums 
  
The number of leaves in four different substrates from week 4 of the growing period 
(Figure 14). Rockwool has the highest number of leaves by 75, followed by date palm-

















































there is no statistically significant difference between the four substrate medium as 













Figure 14: Number of leaves in the last week of growing 
 
4.7 Total fresh weight 
The leaves, roots fresh weight and the total fresh weight between the four-medium 
substrate (Figure 15). ANOVA analyses showed, that there was no statistically 
significant difference between the four substrate medium as determined by P-value 
greater than 0.05, the lettuce which grew in cocopeat has the heavyweight by 850 g 
and the largest leaves weight by 753 g, followed by the crops which grew in date palm 
waste size 1:2 with fresh weight 757 g, while the rockwool has the lighter fresh weight 

























palm-size 2 (20 mesh) has the lightest weight with 509.6 g although it showed the 










   
Figure 15: The total fresh weight of leaves and roots of lettuce crop growing in the 
four testing substrates 
 
4.8 Total dry weight 
There was no statistically significant difference between the total dry weight of lettuce 
that has been grown in different four substrate media as determined by one-way-
ANOVA with a p-value greater than 0.05 (Figure 16). The lettuce which grew in date 
palm waste size 1:2, has the heaviest total dry weight by 68.1 g, followed by date palm-
size 2 and cocopeat, while the rockwool has the lighter dry weight and this probably 
























































Figure 16: Total dry weights of leaves and roots 
 
4.9 Leaf Area 
The average leaf area for the lettuce crop, sample in different growing media (Figure 
17), the highest leaf area was on cocopeat with 98 cm2, followed by rockwool 82.51 
cm2, then date palm-size 2, 81 cm2, and the lowest leaf area was with date palm-size 
1, by 79.71 cm2, so there is no big difference between the growing mediums. And there 
is no statistically significant difference between the four-substrate medium as 


































Figure 17: The average leaf area for lettuce crop in four growing substrates  
 
4.10 Slabs parameters  
The measurement of EC, pH, ppt and the water content, on the slabs (Figure 18) there 
is no much difference in EC, pH and ppt on the four growing medium, but there is the 
difference on the water content between the growing substrates, whereas rockwool was 
the highest by 96.3, followed by cocopeat by 78.2, then the date palm waste size 1 was 
69.4 and the lowest water content was on date palm waste size 2 by 60.8. the ANOVA 
result shows that there was no significant difference between the four growing 
substrates on EC value by p-value greater than 0.05, while the ANOVA result shows 
that it is significantly different between the four growing substrates on water content 




















Figure 18: pH, EC ppt, temperature and the water content on the slabs 
 
4.11 Chlorophyll and carotenoid contents 
The chlorophyll and carotenoid contents of lettuce plants cultured with different 
growing mediums in soilless culture under the condition of greenhouse, using 
spectrophotometer.    
4.11.1 Chlorophyll content 
The ANOVA result showed that there was no significant difference between the total 
chlorophyll content in lettuce grown on four substrates by p-value ≥ 0.05.  Chlorophyll 
and carotenoid contents of lettuce plants in a different growing substrate indicate that 
that the rockwool has the highest amount of total Chlorophyll 1.71 mg/g,  followed by 
date palm-size 2 which have total Chlorophyll 1.50 mg/g and then date palm-size 1 










































Figure 19: Total Chlorophyll content in the lettuce crop grown in four different 
growing medius 
 
4.11.2 The carotenoids 
The carotenoids are natural phytochemicals important to exploit the nutritional value 
of fruits and vegetables because they are required as Pro-vitamin A, antioxidants, and 
immune system stimulants. Carotenoid content of lettuce crop growing in different 
growing medium, shows that the highest carotenoids content is in rockwool by (17.66) 
mg/g, followed by date palm waste (15.91) mg/g, then date palm waste size 1 (14.69) 
mg/g, while the cocopeat has the lowest carotenoids content (Figure 20). There was no 
statistical significance between the total carotenoid content in lettuce grown on four 






















































































Chapter 5: Discussion 
 
Previous studies using date palm waste in soilless culture compared to other growing 
substrates, concluded that date palm waste is an appropriate medium for soilless 
culture with suitable physical and chemical properties, availability, and low cost (Dhen 
et al., 2018). So, it can be a new substrate that could replace other mediums. In this 
study, the possibility of using date palm as a growing substrate has been tested by 
measuring the germination rates compared to cocopeat and rockwool, the two 
substrates that are most popular among the hydroponic growers. To do that, the 
physical and chemical properties of the three growing substrates have been evaluated 
based on pH, EC, and water holding capacity. 
pH is the measurement of the acidity or alkalinity in soils. pH levels range from 0 to 
14, with 7 being neutral, below 7 acidic, and above 7 alkaline. The optimum pH of the 
substrate for tomato growth was reported as 6 to 6.5, while the date-palm presented 
the optimum pH (Ghehsareh et al., 2011). At higher pH, nutrient availability may be 
decreased due to the conversion of phosphate into rather unavailable forms, loss of 
ammonia, and precipitation of micronutrients (Azeez and Van Averbeke, 2012). And 
the optimum range for the EC is between 0.7 to 1.9 and one of the advantages of 
soilless culture. It is easy to adjust the pH and EC in a growing substrate compared to 
soil culture. According to (Dhen et al., 2018) where they evaluated peat and date-palm 
peat (wastes of date-palm branches base locally known as “Kornef”) as an alternative 
nursery substrate. The peat substitution with date palm fronds wastes or “Kornef” 
generated an increase in the pH values and the salinity contents of the mixtures. Date-






highest pH and EC values of 6.46 and 4.88 mS/cm-1, respectively. They have also 
found that EC values were higher than those suggested as optimum values (EC < 0.5 
mS m−1). This fact was also supported by other researchers when investigated peat 
substitution using date-palm wastes (Ghehsareh et al., 2012). It is similar in this study 
where date palm-size 2 shows high pH by 6.9 and that is probably because of the high 
porosity of size 2 which is 20 mesh. 
Water Holding Capacity is the ability of a certain growing media texture to physically 
hold water against the force of gravity. According to Richards and Beandsell (1986), 
differences in bulk density obtained is most likely due to variation in the particle size 
distribution of the material. Being fibrous, the cocopeat fiber evenly spread in the soil, 
due to its lightweight it reduces the bulk density with simultaneous increment in total 
porosity which affects the water holding capacity (Awang et al., 2009). According to 
a work carried out by Rostami et al. (2014), where they used date palm waste as a 
culture substrate for strawberry that the water holding capacity in palm waste 10-20 
mm was 18.72% wherein palm waste mixed particles were 24.12%, whereas in this 
study, the lowest water holding capacity of date palm waste size 1 with 50 mesh by 
1.5% and because of this result the recommendation was to mix the two sizes of the 
date palm with different ratio to obtain the optimum water holding capacity comparing 
to another growing substrate. The structure and the texture of the substrate have a great 
influence on the water holding capacity. On average, 10 to 30% of the media volume 
should be composed of air space, while 45 to 65% should be composed of water 
(Altland, 2006). The water content will depend on the type of pores in the substrate. A 






or suction. Therefore, it is recommend using a substrate with different pore sizes to 
release the water at different negative pressures (Lopez et al., 2013). 
The essential micronutrients were first recognized in the nineteenth century by De 
Saussure and Boussingault, who showed by chemical analysis that plants contain C, 
H, O, and N Soilless culture has served as the major tool in the investigation of plant 
nutrition from the early studies identified N, P, S, K, Ca, Mg and Fe as essential 
elements (Marschner, 1995). Increasing concentrations of macroelements resulted in 
increased soluble solids of tomato fruits (Lee et al., 1999). The effect of date palm 
waste and perlite substrates on nutrient content and quality of tomato grown in soilless 
culture, the concentration of nutrition in the substrate before cultivation the date palm 
peat had the highest level in Ca, K, Mn, Mg, and Zn compared to Perlite. The result in 
this study also showed that level of the same elements was higher in date palm waste 
compared to cocopeat and rockwool. The available K in organic substrates, related to 
chemical characteristics of this media, is very high in conformity (Ghehsareh et al., 
2011). 
Compost can be considered as stable when the C/N ratio is approximately 17 or less 
(Silva et al., 2007). If the ratio is more than 20, it has negative effects on plants and 
damages seed germination (Ghehsareh et al., 2011). According to a work carried out 
by Basirat (2011) where they used palm waste cellulose as a substitute for common 
growing media in growing aglaonema, they observed that most green leaves are related 
to the mixture of peat and perlite and lowest are related to coconut fiber and palm 
waste; its potential reason is a high proportion of C/N compounds. Low nitrogen in 
high-carbon organic substrates causes a relative decrease in plant growth (Banijamali 






C/N ratio of 64.5% compared to date palm waste 38.9%. High C/N ratio comes with 
immature compost, which can cause deficiency of N in a plant. 
The supply of water and air to the growing plants can be greatly influence by the 
physical composition of growing media (Beardsell and Nichols et al, 1982), which 
may further affect the anchorage, nutrient, and water holding capacity of the medium. 
These characteristics directly influence the seedling emergence and vigor and 
consequently contribute to seedling quality (Baiyeri, 2006). In this study the substrate 
combinations suggested that the best media among the same treatments for seed 
germination was rockwool, although it is an inorganic substrate and non-degradable 
by the environment, there were no significant effects in all seed germination 
parameters among the cocopeat and date palm waste despite the porosity sizes of date 
palm-size 1 (50 mesh) which shows the late germination compared to other substrates. 
According to a work carried out by Rahbarian et al. (2014), where they used different 
growth media and studied its effect in plant growth, palm peat substrates for most plant 
growth did not differ significantly with peat moss and this issue implies that the 
substrate has the ability replace peat moss. Ghehsareh et al. (2011) also concluded that 
there was no significant difference in fruit yield, plant height, and fruit number of 
tomatoes between the date palm substrate and other growing media. In the current 
study, the plant length, width, and number of leaves were recorded once every 7 days. 
Lettuce in the rockwool gave the highest growth influencing parameters followed by 
crop grown in date palm size (1:2), The test of significance showed no significance 






Low bulk density and high porosity in palm peat media lead to better support of water 
and nutrient for plants and then better growth which agrees with (Dhen et al, 2018). 
Rostami et al. (2014) observed that the substrate with water conservation capacity for 
water containing nutrients is in a better position to keep the water and the nutrients 
until the next irrigation, thus, creating better conditions for growth. That is why palm 
peat (0-5 mm) had a significant effect on the number of leaves, due to its high moisture 
conservation capacity whereas palm peat substrate 10-20 mm did not have a significant 
effect on the number of leaves, which could be attributed to its large number of pores, 
leading to decreased water conservation capacity. However, in this study, the growth 
parameters which comprised length, width, and leaves number, had no significant 
difference which means, the quality and intensity of water and nutrient was sufficient 
in the four growing substrates to compensate plant needs. 
Plant performance is determined as quantitative measures of plant growth, e.g., growth 
index and biomass (Barrett et al., 2016). According to Dhen et al. (2018), where they 
evaluated peat and date-palm peat (wastes of date-palm branches base locally known 
as “Kornef”) as an alternative nursery substrate. They observed the highest biomass 
(fresh and dry weights) from lettuce grown in such formulations (20–50% of date- 
palm wastes) may have been affected by the pH of the materials. While the substrate 
in which they used 100% peat showed less fresh and dry weight. It can be related to 
the porosity of the growing substrate and the water holding capacity. The 
recommended pH range for lettuce production is 6.0–6.8 (Flynn et al., 1995). In this 
study, the results conform with the previous study, in which date palm waste size 1:2 
(an equal mix between two sizes 20 and 50 mesh) showed the heavy biomass (fresh 






size 2 (20 mesh) has the lightest weight with 509.6 g. Rockwool showed lighter dry 
weight and this probably depends on the substrate pore density and sizes. 
The higher leaf area under light is a good indicator of higher photosynthetic surface 
area per unit investment in leaf tissue (Kim et al., 2004). Ameri et al. (2012) 
investigated the effect of substrate and cultivar on the growth index of strawberry and 
showed that cultivar has a significant impact on the leaf area index. In the present 
study, the Analysis of variance revealed no significance in the crop leaf area.  The 
result showed that the highest leaf area was on cocopeat with 98 cm, while the lowest 
leaf area was with date palm-size 1:2 by 79.71 cm.  
Previous studies have shown that lack of water affects leaf morphology, which has in 
turn affected leaf chlorophyll, eventually resulting in chlorophyll content reduction 
(Antolin et al., 1995). The findings of a study by Shahinrokhsar et al. (2007) on the 
effect of four types of the substrate on the vegetative characteristics of strawberry in 
hydroponic cultivar showed that there was no significant difference among the 
substrates in terms of impact on chlorophyll, which is consistent with the findings of 
the present study. That there was no significant difference among the four substrates 
and rockwool showed the highest amount of total chlorophyll 1.71 mg/g, while the 
lowest chlorophyll content was on cocopeat 1.11 mg/g noting that the water capacity 










Chapter 6: Conclusion 
 
Studies showed that cocopeat and rockwool are potential substrates for growing some 
plants in hydroponic culture. Results of this investigation indicated that cocopeat, 
rockwool, and date palm waste growing had similar properties and they have not 
shown any significant differences in qualitative and quantitative characters  in lettuce 
crop. By considering the low cost and sufficient  availability of date palm waste due 
to extensive date palm cultivation in UAE, it is possible that date palm wastes can 
replace other available substrate in hydroponic soil-less culture. To reduce the cost of 
using imported expensive organic and inorganic materials in soil less hydroponic 
culture the recommendation of date palm waste is a successful practice of agriculture 
waste management. It is recommended that this study in future is extended to different 
sizes of date palm waste as a soil-less hydroponic growing media. Higher sterilization 
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